In all photosynthetic organisms, ferredoxin (Fd) is the last component in the photosynthetic electron transport chain. Therefore, reduced Fd plays a central role in many light-dependent processes. In addition to its role in NADP ϩ photoreduction and cyclic photophosphorylation, Fd is involved either directly or indirectly in such diverse processes as sulphite reduction, 2) nitrogen-fixation, 3) nitrate and nitrite reduction, 4, 5) glutamate synthesis, 6) pseudocyclic electron transport, 7) reductive carboxylic acid cycle, and fatty acid metabolism. 8) In addition, Fd is also involved through the Fd/thioredoxin system in the regulation of enzyme activities in many metabolic processes.
We previously examined the protein chemotaxonomy using the amino acid sequences of Fd. 1, [10] [11] [12] [13] [14] [15] [16] [17] [18] For the genus Datura, the amino acid sequences of Fd from seven Datura plants have been determined, and different varieties or different species in the same section showed the identical amino acid sequence, [11] [12] [13] [14] suggesting that information about Fd amino acid sequences is insufficient for us to consider the relationships among these plants. Therefore, we attempted to compare the nucleotide sequences of Fd-cDNA from such plants, since the nucleotide sequence is generally more informative.
In this paper, we report the isolation and analysis of a cDNA clone coding for Fd from Datura plants. The determined nucleotide sequences of Fd-cDNAs from Datura plants were compared with each other and also with those from other higher plants. Construction of Primers Degenerated forward (F-) and reverse (R-) primers were constructed based on the amino acid sequences of Datura Fds, as shown in Fig. 1 . Two designed primers were as follows: F-primer, 5Ј-GA(A/G) TT(T/C) GA(T/C) TG(T/C) CC(T/C/A/G) GA(T/C) GA(T/C) G-3Ј; and R-primer, 5Ј-(T/C)TC (T/C)TC (T/C)TC (T/C)TT (A/G)TG (T/C/A/G)GT (T/C)TC-3Ј. F-primer was not completely complementary to the cDNA of D. stramonium, but resulted in an efficient polymerase chain reaction (PCR) as described below.
MATERIALS AND METHODS

Materials
Cloning of Fd-cDNA Total RNA was isolated from the fresh leaves (ca. 200 mg) of each Datura plant using an RNeasy Plant Total RNA Kit [Qiagen Inc., U.S.A.]. About 2 mg of total RNA was reverse-transcribed in a 20-ml volume using 20 units of reverse transcriptase (M-MuLV) with the Rprimer. The resultant cDNA was used as template DNA. PCR amplification was performed with Taq-DNA polymerase (Takara, Japan). PCR was carried out at 94°C for 1 min, then 94°C for 30 s, 55°C for 40 s, and 72°C for 1 min for 25 cycles, using a thermocycler [Perkin Elmer Cetus DNA Thermal Cycler, U.S.A.]. The PCR product was run on a 1.5-2.0% agarose gel and then the PCR fragment was purified using a QIAEX II Gel Extraction kit [Qiagen Inc., U.S.A.]. The resultant PCR fragment was cloned into pMOS Blue Tvector [Amersham International plc.]. The recombinant plasmid was transformed into competent E. coli JM109. Transformed bacteria were expanded and then plasmid DNA was extracted from the bacteria. After extraction, the plasmid DNA was analyzed by digestion with PstI and BamHI, and an about 300 bp fragment was identified on the agarose electrophoresis.
DNA Sequence Analysis The nucleotide sequence was determined using the plasmid by the dideoxy chain termination method with a Thermo Sequenase fluorescence-labeled primer cycle sequencing kit (Amersham International plc.), according to the manufacture's protocol. DNA fragments were analyzed on a DNA sequencer (Hitachi SQ3000).
RESULTS AND DISCUSSION
The level of Fd mRNA in the leaf poly-A ϩ RNA of higher plants is about 0.5%. 19) By reverse transcription (RT)-PCR using the proper two primers, it should be possible to synthesize the partial Fd-cDNA fragment. The two primers (Fprimer and R-primer) were constructed based on the amino acid sequences of Datura Fds (Fig. 1) . RT-PCR successfully gave the desired cDNA fragment (240 bp). Figure 2 shows the nucleotide sequences of Fd-cDNAs and the amino acid sequences of Fds (positions 22-87 in 97 total amino acids) for seven Datura plants. 20 fastuosa, and D. innoxia, which belong to Section Dutra, also possessed identical nucleotide sequences (Table 1) . This result suggests that there is a very close relationship among Datura plants within the same section. 21) To discuss the taxonomic position of such plants, a wider region of Fd-cDNA must be analyzed. The nucleotide sequence of full-length FdcDNA is now under investigation.
Multi-alignments of the nucleotide sequences of FdcDNAs from Datura plants and Fd-cDNAs of other higher plants are shown in Fig. 3 , together with the deduced amino acid sequences. Among the higher plant Fds, the amino acid sequence 35-50, including the sequence -C39-C44-C47-which participates in chelating to iron atoms, the sequence 74-77, which contains the last cysteine ligand (-C77-) for the last iron atom, and the sequence 83-93 are strictly conserved. However, even in such regions, a considerable number of differences were found in the nucleotide sequences. Table 2 (11) (12) (13) (14) (15) (16) (17) (18) ( Fig. 3 . (1)- (6) belong to Solanaceae; (7) to Chenopodiaceae; (8) to Aizoaceae; (9) to Caryophyllaceae; (10) and (11) to Cruciferae; (12) and (13) to Leguminosae; (14) to Compositae; and (15)- (18) to Gramineae. Below diagonal: number of nucleotide substitutions; above diagonal: proportion of nucleotide positions differing between each taxon (1.0ϭ100%). , and 63-72 differences when compared to other solanaceous Fds, other dicotyledon Fds, and monocotyledon Fds, respectively. These results agree with the taxonomic positions of these plants. However, it should be noted that considerably different Fd sequences were found for Arabidopsis thaliana between accession Nos. NM 100971 and NM 104775). 22) In addition, the Fd sequence of Oryza sativa cv. Indica (accession No. AF0103200) was different from that of O. sativa cv. Japonica (accession No. D30763). Figure 4 shows the phylogenetic tree based on the Fd nucleotide sequences of higher plants. 23) Six solanaceous plants form a cluster that is distinctly separated from other angiospermous plants by significantly long branch lengths. In the solanaceous cluster, genus Datura is separated from two genera, Solanum and Lycopersicon, and genus Capsicum by branch lengths which increase in that order. Also, the three genera Oryza, Triticum, and Zea of Gramineae (monocotyledon) form a cluster that is distinctly separated from dicotyledons, suggesting a reasonable relationship between the taxonomic positions of the plants and their Fd nucleotide sequences.
In summary, the identical nucleotide sequences of FdcDNA in Datura plants within the same section suggests a very close relationship among them. However, it is too early to conclude a high similarity among them, until information becomes available regarding a number of other regions. Although the nucleotide sequences span only a narrow range of 198 bases, they are consistent with the taxonomic positions of the higher plants in this study. The nucleotide sequences of wider-range or full-length Fd-cDNA should be helpful for achieving a more refined taxonomic classification of higher pants. The phylogenetic tree was constructed using the UPGMA method of Nei 23) (GENE-TYX software). Genetic distances are represented by the proportion of nucleotide differences between each taxon (1.0ϭ100%).
